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| EYXPERIMENTAL INVESTIGATION OF A PRELOADED
SPRING-TAB FLUTTER MODEL

By N. H. Smith, S. A, Clevenson, asnd J. G. Barmby
SMMARY

An experimental investigation wag made of & preloaded spring-
teb flutter model to determine the effects on flubtter speed of
agpect ratio, tab frequency, and preloaded spring conetant. - The
rudder was mass-balanced, and the flutter mode studiled was essentially
one of three degrees of freedom {fin bending coupled wilth rudder end
tab csoillations) Inasmuch ae the spring was preloaded, -the. tab-
gpring system was a nonlinear one. Frequency of the tab was the -
most significant parsmeter 1n this ‘study, and en increase in flutter
speed wlth incressing frequency is indicated. At & given frequency,
the teb of high aspect ratio is shown 'to have a slightly lower
Elutter speed than the one of low aspect ‘ratio. Beocause the -freguency
of the prelosded spring tab was found to vary redically with-.-
amplitude, the Plutter speed decreased with increase in initilal
displacement of the tab.

TNTRODUCTION

Fin-rudder-tab flutter has been found %o 'be a significant
problem in airplane design. An investigation of tab flutter has
consequently teen made at the La;gley Memorial Aeronautical Laboratory
of the National Advisory Committee’ for Aercnautics. The results of
flutter tests of a veritical tall assembly for a medium bomber are
reported in reference 1. Interest in the effects to be obtained
with & preloaded spring in the rudder-tab-control circuit led to the
present investigation, in which tests were made of a fabricated tab-
flutter model of rectangular. plan form.

The .1dea of the preloaded spring teb is many years old. A
description of this mechaniem is found in 'reference 2. Before an
attenpt is made to analyze the preloaded spring teb, & brief
gtatement concerning the functions of a nonpreloaded spring-tab
type of control is consldered desirasble. One of the featurses of the
nonpreloaded spring-teb control, which is equipped with a weak spring,
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1s that 1t enables a pilot -to attain lightness of control at high
speeds wlthout close aerodynamic balance and the attendant risk of
overbalance, This type of control is similar to a fres servotab
control, However, at low speeds,’ & stiff spring (irreverslble
control) is desirable to retain positive action with appropriate
pilot "feel" as obtained in the geared-tad control. The use of a
stlff spring is also advantagecus because it reduces the denger of
flutter to which & weak spring-teb control is subject. The preloaded
spring-tab control (very stiff at smell amplitudes) has been
suggested am & means of combining the desirable features of the non-
preloaded spring teb at both low and high speeds. The increase in
stiffness can mske the system sufficiently irreversible at small
amplitudes to eliminate the necessity of mass balence. The resultant
seving in welght may be appreciable. Such a preloasded mechanism
presents a nonlinear problem dépendent on the amplitude of the tab.

" Bxcept for this nonlinearity of the spring constent, the
flutter parameters for a preloaded spring-tab system are the same
as those for a nonpreloaded spring-tab system. Some of these .
parameters are fin, rudder, and tab natural frequencles and stiffnesses,
moments of inertia, mass and serodynamic balencing, tad product of
inertia, gear ratic of tab movement compared to rudder movement,
rvdder and tab aspect ratios, end dsmping. Only a few of these
parameéters were investigated for the present study with the malin
emphasis on the effect of the preloaded spring type of control. A
theoretical tab-flutter analysis was not underteken at this time.

SYMBOLS

distance from center of gravity of teb to tab hinge line, inches

f tab experimental frequency with rudder stétiogary for 3.25° tab
deflection, cycles per second .

fl approximabe'experimental_tab frequency for 8{25° tadb deflection,
cycles per second _ . .

fp . tab calculated natural frequency for 8,25° tab deflection,
cycles per second . ‘

I, rudder moment of inertis about hinge line; inch-pound-second®
I, tab moment of inertia about hinge line, 1nch-pound-second2



WACA RM No. L7G18 . | 3

K product of inertia, im:h-pcn.md.-sec:c_n:ui.2 (f xy fm, where =x 18

distance from tab-hinge line to element mass dm 1n tab,
end ¥y (is distance from rudder hinge line to same element -
of mass)

k spring constant of spring in preloaded spring mechanism,
pounis per inch -

ky pleno-wire spring constant, pounds per inch

k, approximete combined spring constent .for 8.25° tab- deflection,
pounde per inch )

n gear ratlo, ta.'b deflection dlvided by rudder deflection
ve flutter speed at sea level, miles pei'_houi- -

7Z  stetic usbalance of teb, inch-pounds (fs dx, vhere S 1is
unbalance of tab per unlt of ta.b spanwise Adistarice end X
is span*rise distance) Lo

Xo half ma.x:!mum ampli'bude cof preloaded spring sys’sem, inches
preload fonce in preloaé.ed. spring system, pe-mis
ma.ss of preloaded spring system, pounds- second2 per inch

M Mach number

'-De_scri_gtion of . Model. ..

5

A test model with a rectangular plan form was constructed for
this experimental investigation. The model conslsted of a horizontal
and vertical tall assembly with the horizontal surface serving

-primarily as a support for the vertical fin-rudder-tab combination
(fig. 1). The total welght was 325 pounds with the rudder and %ab
weighing approximately 80 pounds when messs-balanced. The moment of
inertia of the rudder was 20.35 inch-pownd-second?, A diagram
showing the teb linksge 1s glven in figure 2. Crose-~zectional views
of the test conflgurations used in the present investligetlon are
shown in figure 3.
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In one group of tests, a tab with aspect ratlo of 2.78 was
used with the model arrenged as follows (Pfig. 3):

Configuretion 1 - Gearsd tab n'= 0.5, where n 1s the ratio of
tab deflection {relative to the rudder) to
rudder deflection .

Conflguration 2 - Preloaded spring teb, control link in place,
varying teb moment of inertia

Configuration 3 ~ Preloaded spring tab, no rudder control (control
link removed}, varying preloaded spring

Configuration 4 - Preloaded spring tsab, planc-wire spring In
rudder control (piano wire spring system
replacing control link), varying plano-wire
spring constant . .
In a second group of temts a tab with aspect ratlo of 6.25 and
with the same area as the other tab was used with the model arranged
as follows (fig. 3):

Configuration 5 - Prelosded spring tab, no rudder control, varying
preloaded spring constants and tedb momsnts of
Inertia.

Configuration 6 - Preloaded spring tab, piano-wire spring in rudder
control, varying both pleno-wire and preloaded
apring constants.

In additlon, the model was provided with a cable and spring'weight
systenm which could simulate the restraint in the control system of
e full-scale airplane.

Tnstrumentation

Six midget accelerometer plckups and one rudder and ome tab
inductance position indicator were Installed in the flutter model
(fig. 4}, A pickup was in each corner of the rudder, one in the
front upper fin, end one in the nmiddle of the right side of the
horizontel .etabllizer. One pesition Indilcator was at the lower front
corner of the rudder, and the other at the middle of the tab.

These positlon indicators end plckups were used in conJumction with
bridges, emplifiers, and a recording oscillograph. The recording
equipment, which includes that used in sheking the model, is ahown
iIn figure 5. }
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Installation

The model was mounted in the rear part of the test section of
the Langley high-speed 7- by 1l0-foot tunnel. Two mounts constructed
of steel streamline tubing were securely -bolted to the floor of the
tunnel, one on ejther side of the model. The model was supported
on four centilever steel leaf springs rigidly bpolied to the mounts ard
end hinged on ball-bearings to the model at the ends of the horigzontal
stabilizer (fig. 6). Cables connsected to the top rear of the rudider
provided a means to start and stop flutter. These cables were
brought together by a pulley system over the tumnel section, Another
cable connected to a spring-trip mechanism wes used to. give the tab
an initisl dlsplacement and sudden release.

Leads to the electronic equipment were brought out through the
bunnsl-flcor turntable. A steel safety net was installed approxl-
mately three feet behind the model to minimize damage of the tummel
in case the mo&el failed.

Preliminary Vibration Teets

) Natursl frequencles and modes of the teh-flutter model wers
first determined in preliminary vibration tests with the model on
rigid mounts on a bedplate in the laborastory. For this study, a
woving coll sheker was used, The results sre given in table I.

Prior to the first wind-tunnel tests the Prequencies were
checked and confirmed with the model mounted in the tumnel. (See
fig. 6.) The frequency of the model moumted on vertical lesf®
springs, which simulated fuselage aside bending, was determined to
be 600 cycles per minute. The rudder was mass-balanced for all tests.
After a relatively wesk plasno-wire spring aystem was substltubted
for the control.link, the rudder frequency was low compared with
the tab freauency. .

Curves showing decrements 1n amplitude for the various spring
combinations were obtained by deflecting and relessing the tab., A
typlcal record is shown in figure 7 glving the shape of the decrement
curve and the change in frequency wlth amplitude for a preloaded
gpring tab.

Because the tab oscillated at different amplitudes in the
varlious configurations, 1t was convenlent for purposes of correla-
tlon te reduce all the tab natural-frequency data to frequencies
at the tunnel tripping displacement of 3.25°, This procedurse led
“to the freguency analysis of the preloaded spring system glven
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in the appendix in which three approximations to the experimental
conditions were considered. These approximations were obtalned

by three methods: Method A is based. on: the maximum displacement
intercept of the spring gystem; method B, on the differential
equation for cne-quarter cycle of the motion; and method C, on

. equal strain.ensergy.- Results of these analyees arg glven in

figure 8, in which frequency ratio i2 5 / is plotted as a function

of preloadei~spring force ratio -8, .

» FO
Method C based on equ&l strein energy, gave frequencies too
high. Method B was the ‘mont rigorous mathemetically, but'even
this method neglects’ ‘the fiiction which 1s present in- the- actual
model.. . Ths approximation based on the maximum displacement,
intercept (method A) ‘gave tab. neturel frequencies closest to the
experimental values and this method was therefore ueed in -all
caldulations of the tab natural frequencles., Filgure 9. ehows-the
comparison of the results obtained by method A with experimental
' frequency: dats.

In some tests the control link was replaced with a plano-wire
spring system (figs. 2 and 3) By usge of a ferce- displacement
enslysis of the complete tab- -rudder linkage system, the effective
constant of the preloasded spring system - kg was combined with the
‘piano-wire apring constant k3 to give the torsional stiffness:
ﬂeeignate& as the combined epring constemt ky. With the knowledge
of ' ko and. the, tab moment of inertla I, the tab natural freguency
i) of one .configuration for an amplitude of 8.25° was calculated.
These calculated valuss of the tab nstural frequency agree reasonably
well wilth the experimentelly determined frequenciles, f as glven in
table.IT. . The.few cases of large deviatlon are probab}y caused by
variations.in d&mping

Flutter Tests

Oscillograph records were maie to record ‘the’ natural frequencles
of the model at zero airspeed for every run in the tunnel., Other
oacillugraph records were taken at various intervals of sgpeed up to

_and beyond the initial flvtter speed. For each record the tab was
tripped to develop possible flutter at low speeds. In the neighbor-
hood of flutter the tab was tripped at airspeed increments of
10 miles per hour. The aversge tripping displacement was .25

" Although an .attempt was made to extrapolate to the flutter-
speed’point by plotting aerodynemic  damping-egainst speed for varlous
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speeds of one configuration; no particular success was attained
because of scatter in the data, The flutter point was determined
by visible means at the initial +tripping displacement and is '
believed to be accurate within 15 miles per hour,

' RESULTS AND DISCUSSION

A summary bf the results ié found in table II,F

In the tests of comfiguration 1 (geared-tab case) flutter did .
not occur, nor was .flutter expected since the spring system was
comparatively stiff. Tunnel speeds up to 300 miles per hour were
attalned with no tendency for the model to flutter. Tunnel spesds
for subsequent tests weres limlted “to less than 200 miles per hour,
in order to save the model, -

" In the tests of configuration 2 the mements of inertia of

the tab were changed successlively from 0.0613 inch-pound-second.2 +to

0.0776, 0,1370, end 0.285% inch-pound-second? by adding distributed
welght along the traillng edge of the tab, (For comparison, the
moment of inertia of the tab stulied Iin reference 1 was 0.1020 in.-
1b-sec .) In this set of tests there was no flutber. The probable
reason for the lack of Flutter was asain the relatively high spring
stiffness of the system. -

In order to obtaln flutter in the desired speed range, the
coptrol link was removed, and the .epring stiffness of the tab
system was then materially reduced. With the removal of this link
(configuration 3), flubtter occurred during the tests. This
flutter was essentially a three-degree-of~freedom flutter involving
fin bending coupled with rudder and tab oscillations about thelir
respective hinge lines (teb lagging by 30°). A typical oscillo-
graph flutter record is shown in figure 10. This record ghows the
relative pogltions of the various components of the model and the
acceleration (g wnits) of each of these components during the
first 0.45 second of flutter. During the Ffluttér, the tab
amplitude was gufficiently large to bend the tab connecting link.
This link, e durelumin tube, was replaced with ome of steel.

The effect of changing the preloaded spring was Investigated.
Springs of 8.3 pounds per inch with 2.25 poumds preload, of
33.3 pounds per inch with 11.3 pounds preload, and of 83 pounds
per inch with 21.6 pounds preload were used. Flubber speed Ve
of the model increased with an increase in preloaded spring
constent (fig. 11). The significance of this figure is gqualitative.



8 NACA RM No. L7G18

It was aled obmerved that increasing the initial tab displacement
cauged the model to flutter at a lower speed. With an 8.3-pound-
per-inch spring, flutter was encountered at 102 miles ‘per hour

Por a large tab deflection; whereas at 150 miles per hour the
slightest dlsturbance initisted flutter with rapidly increasing
aemplitude, This dependence of initial flutter speed on amplitude
has many practical implications because the roughness of the alr,
the presence of gusts, and the type of maneuver have a definite
effect on the initiel deflections of the tab. Table II shows the
change in flutter speed vy with the veriation of the parameters
and indicates particularly the importance of tab natural frequency.

In the tests of configuration U a plano-wire spring was
ingtalled in the control system (fig. 2) and thereby increased the
effective combined spring constant of the tab-rudder combination
as compared with the spring constant for the configuration wilth
no rudder control., Flutter similar to that cbtained In the tests
of configuration 3 occurred at higher speeds. At these higher
gpeeds this flutter was more Aifficult to control and emergency
shutdowns of the tunnel were necessary in order to save the model.

For conflguration 5, -the tab was replaced with one of higher
aspect -ratio and the mo mgnt of inertia of the tab was varied from
0.0246 inch-pound.-second. to 0.1017, 0,0885, and 0.0780 inch-pound-
second®. The ratios of products of inertia +to tab moments of
inertia K/I, were determined. However, the changes in K/Ig

were too small to indicate the variation of vy with K/I,.

. In conjunction with changes in I, the effect of three
d1fferent.aprings in the prelocaded spring mechanism was investigated.
For the springs with the low constant no variation of vp with
It weae observed. For the spring with the higher constant, ve

Increased with a decrease in Iy a8 Indlcated in table TI. This

result may be explained by the following conslderations. ILowering
the teb moment of inertia caused the tab frequency o increase,
other things being equalj thus, vp tended to inereage. However,
the variation of vy wilth changes in ‘I 1is greater and con-
soquently more easily cobserved gt high frequencies than &t low
frequencles.

. 'The tests of configuration 6 were made to permit & study of
tab flutter with the combined spring constants varied by changing
both the plano-wire and preloaded springs. This variation in
turn changed the tab frequency and consequently vp. Near the end.
of thie set of tests, play in the linkage system had become
.appreciable and a :f‘lutter of low amplitude at 8 cycles per second
wasg notlced at 150 miles per hour. The amplitude was approximately 1° 3
which was the amplitude allowed by the play in the system.
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It was not possible in all cases to measure the teb natural
frequency at the amplitude corrssponding to the average teb tripping
displacement of 8.25%9. For purposes of correlating and presenting
the dats the natural frequencies of the teb were calculated by using
a combined spring constant = kp. The data plotted in figure 12 '
show wide scatter, probably because of the variation in damping as
well as the varlation in the initial tripping_amp;itude,

 The effect of aspect ratio is small. With all the flutter
‘points on one graph, {fig. 12) there is an indication that, for
the same frequency, the tab with the low sspect ratio hes a higher
flutter speed than the one of high aspect ratio. This effect is
in agresment with the results of an analysls made by We Ro Griffin
of Curtiss-Wright Corporation, An-which strip theory wes used. :..-
However, the possibility exiegts that the aspect-ratio effect is
due, at least in part, to spanwise coupling . ‘

GONCLﬁDmG .Bmmmcs o A

Results presented of tests of -3 preloaded spring-tab flutter
model. indicated that, with a rudder mass-balenceéd and at a low
frequency compared with the tab frequency, the tab frequency
appears to be the most significant parameter. Becauss the frequency
of a preloaded spring-tabd system-was found to vary inversely with
emplitude, the flutter speed decreased with an increase in initlal
displacement of the tab. Although the effect of aspect ratio was
small, it was indicated that the tab with the low aspect ratlio showed
& tendency to flutter at a higher speed than the tab with a higher
aspect ratio having the same area end frequency.

Lengley Memorial ‘Seronawtical Laborastory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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APPENDIX

METHDDS OF CALCULATING THE NATURAL EHEQUENCIES
“OF A PRELOAEED SYSTEM

The calculaticns of. the natural frequsncies of a preloaded
apring-tab system might be approached in several ways. For example,
in figure 13, the forces, displacements, end other parameters
involved 1n such calculatians are reprogented to illustrate
three methods. of approach. Method. A 15 babed on the maximum
d1splecement intercept of the system; method B 1w based on the
differential equation for—ono-quartor cycle of ~the motion, ‘and
method C is based on the concept of equal strain SNOrEY »

Msthod. A.- The approximation by method A proceeds as follows:
Congider first the force-displacement dlsgram of a preloasded spring
system. (See fig. 13(a)}. In place of thd actual system A B C'D,
choose the path A O D along which the slope Xk, 1is always finlte
and constant. The use of the effectlve spring comstant kg
methematically reduces the dlscontinuous preloaded spring system
to a linesr one in which force equals k, times dleplacement.

The geometry of the figure shows that

"kaxo = Iﬂto + ;Fo
or
e 'y
k., =k + =2
a o

The frequency of the sinusoldsl motion is then given by

, e F
e Y
£, fsra Ly o
& opim ex¥. - m -

which may be written nondimensionally as
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Method B.- For the analysls according to method B, the system
and symbols are given in figure 13(b). The Aifferential equation of
motlion may ve- expressed as

w¥ + kx = By {x < 0)
mt + kx = F, (x > 0)
The soclution of the ogqustlons is

x= -2+ Acos (ot+a) .. .. (1)
%o . . X

By proper cholce of the original time, the phase azigle o mey be
eliminated.

Al though the motion is diécontihuous s 1% is symmetrlcal sbout
x =0 g0 that it can be completsly specified by an analysis of
the motion between the point =x = x5, where 1t starts from rest

(t = 0), and the point x=0 (t= Ef?') Substituting these
limits into equation (1) glves b

x°=——EQ+A
or
A=xo+%2
and .
O=-%+(xo+3k.‘_>cos m@_—%;)] ;
or
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In nondimensional form this equation may be written

JE (2) axrc ODS —-—--]"--"—
Qﬂf'b 14 k_x_o
FO

For zero preload, the nondimengional form reduces to the usual
relation

S
fb*Eﬂ m

Method C.- In method C, the actual system A B C D (fig 13(o))
is replaced by the straight line path BK, constructed so that the
ares (M +.N) equals area (N.+ P). .The, stfa.in energy is oqual %o
the area under the Force-displacement curve; ; therefore,

: lEnergy = ;T.‘Bx?‘ + %k:x.2 = % :;?

t

or

S S T
or, nondimensionslly, .
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TABLE I.- FREQUENCIES AND MODES

OF TAB-FLUTTER MODEL

Mode

Frequency Nodes
(cps)

75 Bottom of fin

36.0 Bottom of fin and
diagonel from bottom
front rvdder to top
of tab

6k .0 Bottom of fin and
through rudder and
fin at 75 percent
span messgured from
base

86.5 Bottom of fin and
diagonals from top
and bottom of
rudder to top and
bottom rear of tab,
regpectively, and
from bottom front
to top rear of fin

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- T®STS OF A FRELOADED SPRING-TAB FLUITER MODEL

With Rudder Control Link

15

Configu~| Aspect] k 1'2 a Z3y It k4 .
retion | ratio | (1b/tn.) | (1b/1a.) | (159 [(1mnesad) | (1n.-15-sec2)| E/Tt | (ops) | (mph)
1 2.78 B el Dl 1.81 | 6.32 0.0613 5,18 | 110.0 | >300
2 2.78 33.3 1.8 6.32 0613 5.18 39.1 | >200
2 2.78 8.3 Very 1.8 6.32 0613 5.18 20.0 | >200
2 2.78 8.3 high 1.98 | 7.26 0776 h78 | 16.5 | >200
2 2.78 8.3 2.50 | 1.0k 1370 k.23 1k.2 | >200
2 2.78 8.3 3.28 | 25.08 20854 3.70 9.0 | >200
Without Rudder Control Link , ;
el
Configu~ |Aspect k k; kg d.cg | 4 It fl f2 A 4 :'".._J
ration |ratio [Ib/in.)|(1b/Tn.) |(15/in.)] (1ne)| (1n.-1b) |(1n.-2bosec2) K/Ty [(cre) l(ooe) [tm) | = ="
3 2,78 8.3 [-emmeea- 23.4 |2.502] 11.04 0.1370 L.23} 1.10| 2.03 10k | &7 =¥
3 2.78 | 33.3 [fe-==---- 109.0 |2.502| 11.0% 1370 k23] 3.20! B.37) 208 e @
3 2.78 | 830 |e--e---- 233.0 }2.502] 1.0k 21370 h.23} 5.60! 6.8k 130 CoP9
5 2.78 33.3 3.6 1710 [2,502] 11.0k 1370 ho2o3} b.2o| 5.5 133 22w
4 2.78 33.3 6.5 198.0 |2.502] 11.04 1370 ko3t 617 59| 170 [ 4
L 2,78 33.3 10.8 216.0 |2.502| 11.0% 1370 k231 7.50| 6.16]3180 —t
L 2.78 33.3 8.5 169.0 [2.502] 11.0% 1370 k.23 6.10f 5.455190 -t e
5 6.25 8.3 |eerece-- 28,2 |1.28 3.38 02k5 T«33] 5.ko 5.385150 1
5 6.25 8.3 |~mremee- 28.2 }[2.593] 1k.52 21017 6.42] 2,20] 2.6 18 |&-
5 6.25 8.3 |eecmemana 28,2 |2.437] 10.8 0885 6§55 2.80] 2.78 S5 e
5 6.2% 8.3 |emccae-a 28.2 |2.375] 8.8 0780 659} 2.30| 3.02] 8% b
5 6.25 333 Jeeemeeae 92.5 |2.593| 1k.52 L1017 6.521 L.oo| kTh| S o
5 6.25 33.3  jeemaca-- 92.5 |2.437| 10.80 0805 6.55| 5.h0| 5.09| & -
5 6.2% 33.3 |es=cecea- 2.5 |2.3715| 8.8 078 6.691 5.70| 5. & T
5 6.2% 83.0 [|e=emme-e 20k.0 [2.593] 14.32 -, 1017 6.k2] 5.75| Ta7] 90~}
5 6.25 83.0 |-------- 20k.,0 |{2.k37]| 10.% 0 6.55 | 6.38]| 7.63] 100
5 6.25 83.0 |-=-=e--- 20k.0 |2.375 8.80._! 0780 b9 ) 6.77! 8.10] 120
] 6.25 8.3 3.6 63.0 |2.593| 1k.52 1017 6.h2| k.35 3.90] TO
5 6.2% 8.3 3.6 63.0 {2.h37) 10.8 0 S5 1 8.79) k9] 70
5 6.2% 8.3 3.6 63.0 [2.375] 8.% 0780 6.69) 4.05! L.i51 70
6 6.25 8.3 25.3 2.0 |2.375| 8.8 0780 6.69] 8.,5% | 9.0 | 1k
6 6.25 8.3 8.5 108.6 |2.375| 8.% 0780 6.69 | 6.48 | 5.9%| 11
6 6.25 8.3 16.2 181.0 [2.375| 8.% 0780 6591 TA55|7.751 139 <]
6 6.2% 8.3 36.0 332.0 [2.315| 8.8 0760 6.69 [ 9.26 p0.b0 | 1ko
6 6.25 8.3 18.k 202.0 |2.375} 8.%0 0780 6.69 | 9.36 | 8.10 |>1%50 —
6 6.25 8.3 55.0 548.0 |2.375f 8.8 0780 6.69 | 5.82 p3.30 [>450
6 6.25 33.3. 3.6 sk |2.3751 8.8 0780 6.69|7.83|6.09| 128
6 6.2% 33.3 6.5 1%0.8 |2.375] 8.8 0780 6.69 | 6.51|6.76] 1o
6 6.25 | 33.3 10.8 | 182.0 [2.3715] 8.8%0, 0780 6.69 | T.k2 | 7.70 {>150 -—
6 6.25 33.3 8.5 160.9 |{2.375t 8.% 078 6.69 8.5 i T.22| 138 -
6 6.25 33.3 16.2 233.k |2.375] 8.8 0760 6.69 [9.13 | 8.70| 176
6 6.25 33.3 18.k 263.0 {2.375) 8.8 078 6.69 | 6.10 | 9.25 [3490—- |
6 6.25 83.0 3.6 {2380 |2.375! 8.% 07% 6.69 [7.8518.8L1 thy |~ --
6 6.25 83.0 6.5 | 26k.0 |2.375| 8.8 0780 6.69 8.6k }9.26|157 |- -
6 6.25 83.0 10.8 306.0 {2.375| 8.80 0780 6.69 po.k6 | 9.98| 183 2.
6 6.2% 83.0 8.5 28%.0 |2.375| 8.8 0780 6.69|9.76 | 9.68] 16F-—~trrim
6 6.25 | 83.0 16.2 | 357.0 |2.375] 8.8 0780 6.69 | 9.84 no.77| 188- iy
6 6.25 83.0 36.0 5k3.0 |2.375] 8.8 0780 669 12.92 13.30 PROO "
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Figure 1.- Preloaded spring-tab flutter model.
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Configuration 3 Configuration 6

Figure 3.~ Test configurations.
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F‘igure 4.- Tab flutter model showing position of accelerometers and
position indicators. (Dimensions are in inches.)
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Figure 5.~ Electronic instrumentation of the preloaded spring-tab flutter model.
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e —

NACA LMAL 47629 [BRRE

Figure 6.- Preloaded spring-tab flutter model mounted in the Langley
high-speed 7- by 10-foot tunnel.
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Figure 7.- Oscillograph record showing decrement curve at zero airspeed. Tab aspect ratio, ho
2.78; 5 = 0.13'7; 883 pound spring with 21.68 pounds preload. ~
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Figure 9.- Frequency as a function of tab displacement. Tab aspect
ratio, 2.78; L = 0.1370; 33.3 and 83 pounds per inch spring constants.
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Figure 10.- Typical flutter record. Aspect ratio, 2.78; speed, 150 miles per hour;

M= 0.21; tab frequency, 8.40 cycles per second for a tab deflection of 8.25°.
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Figure 11.- Flutter speed as a function of the square root of pre-
loaded spring constant. No rudder control; aspect ratio, 2.78;

I; = 0.137 inch-pound-seconds
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32 NACA RM No. L7G18

Calculated natural frequency, r2 , Ccps

Figure 12.- Flutter speed as a function of calculated natural frequency
for a tab deflection of 8.25°. Aspect ratio, 2.78 and 6.25. '
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Figure 13.-
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(c) Method C.

Methods of calculating the approximate natural frequency
of a preloaded spring system.
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